The embryonic/fetotoxic effects of DEHP on pregnant mice (ddY-Slc Y x CBA Cd) were studied. DEHP was administered orally in dosages of 0.05 ml/kg to 30.0 mg/kg on day 6, 7, 8, 9 or 10 of gestation. A single administration of DEHP over 0.1 ml/kg (1/300 of LD50) on day 7 of gestation decreased the numbers and the body weight of living fetuses, whereas no significant changes in the numbers of living fetuses (with no gross and skeletal abnormalities) were observed compared with those of the control group, when 0.05 ml/kg (1/600 of LD50) of DEHP was administered. The fetotoxicity (fetal death) was dose dependent. The LD50 and the nonfetolethal maximum dosage of DEHP in its single, oral administration was 592 mg/kg and 64 mg/kg, respectively. The latter value is much higher than an estimated DEHP intake from commercial foodstuffs in men, which is approximately 0.03 mg/kg/day.
Introduction
The deleterious effects of di(2-ethylhexyl) phthalate (DEHP) on developing embryos and/or fetuses in animals have been reported by a number of investigators (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) .
The present reports are the summaries of our studies (15, 16) carried out to determine the embryo toxicity and fetotoxicity of DEHP on ddY-Slc(SPF) (9) x CBA(SPF)( d) mice. DEHP was administered orally once during the period of pregnancy. The dosages administered were from 1/30 to 1/1 of LD50 (high-dose study) and from 1/600 to 1/30 of LD50 (low-dose study).
Through these studies, the nontoxic maximum dose of DEHP in mice was determined, and steps were taken to assess the risk of DEHP for human reproduction.
Experimental
Virgin female mice of the ddY-Slc (SPF) strain (Shizuoka Agricultural Cooperative Association for Laboratory Animals), weighing 27-28 g (8-9 weeks old), were housed with one male mouse of CBA strain (National Institute of Genetics). The at- Kenyon (17) and was more than 99% pure as determined by ECD-GLC analysis. The experimental procedure is detailed in our previous paper (16) . Figure 1 shows the body weight changes of pregnant mice. The increase in body weight of the mice was suppressed when 10 mi/kg of DEHP was given PO once on day 7, 8, 9, or 10 of gestation. The suppression was especially clear when DEHP was administered on day 7 or 8 of gestation. A decrease in the body weight of mice, however, was not observed when a low dosage of DEHP (0.05 ml and 0.1 ml/kg) was given, even on day 7 of gestation (see inset in Fig. 1 ). death and abnormalities (gross and skeletal) of fetuses versus the dosage of DEHP administered on day 7 of gestation. From a straight line (y = 51.9 log x + 61.6, where y = % of fetal death, x = ml/kg of DEHP administered) obtained with 5 log dosage of DEHP, the fetal LD50 was determined to be 592 mg/kg on assuming the specific gravity of DEHP to be 0.986. The dosage producing 2% of fetal deaths, i.e., the same mortality rate as found in the control group, was about 64 mg/kg. The exact values of the ineffective maximum dosage for gross and skeletal abnormalities could not be determined because of limited data, but these values are probably less than 0.80 ml/kg (789 mg/kg) and 0.68 ml/kg (670 mg/kg), respectively, as judged from their doseresponse curve.
Results
Our trial for the safety evaluation of DEHP with respect to embryo/fetal toxicity is shown in Figure  3 . As was demonstrated and stated above, the maximum nonteratogenic (both gross and skeletal) dose and median fetolethal dose (fetal LD50) in mice are approximately the same, around 600 mg/kg, while the maximum nonfetolethal dose in mice is about 64 mg/kg. In humans, approximately 4 mg/kg would be a possible maximum intake of DEHP by blood transfusion or hemodialysis (18) . The level (unconditional) of the acceptable daily intake for humans (ADI) is about 1 mg/kg/day (19) .
The maximum intake of DEHP from foodstuffs with which we are most concerned would not exceed 0.03 mg/kg/day, assuming a daily food intake as 1.5 kg/50 kg adult and an average content of DEHP in our foodstuffs as 1 ppm (20) .
A safety margin of approximately 21-fold thus exists between the nonfetolethal dose of DEHP and the maximum amount of DEHP from foodstuffs, if a 100-fold margin is simply set to extrapolate the data from mice to humans. eSignificantly different from untreated control at 99% level (p < 0.01). fSignificantly different from untreated control at 95% level (p < 0.05). control (ml/kg) (ml/kg) ml/kg (ml/kg) ml/kg (mi/kg) ml/kg (ml/kg) mi/kg (ml/kg) 
Discussion
Consistent results have not always been obtained in the reproductive/fetotoxic studies of DEHP, due mainly to differences in the dosage of DEHP, the duration and the route of administration. The animal species employed in the experiments is another crucial factor in determining the toxic effects. The effects of DEHP on reproductive function or fetal toxicity in several animal species have been performed by several investigators and are well reviewed (9, 12) . The toxic effects of DEHP on the mouse fetuses which have been demonstrated in recent examinations (7, 15, 16) should be added. It must be also added that the metabolic fate of DEHP in mice seems to be somewhat similar to that in man when solely the metabolic formation of MEHP is considered (21) . As MEHP is known to be a principal-and possibly the active-metabolite of DEHP (12, 16, 22) , the similarity between mice and humans may have some advantage in extrapolating the mouse data to men.
As shown in Figure 3 , the nonfetolethal maximum dose of DEHP in mice by a single oral administration is estimated to be about 64 mg/kg. This value is approximately 2100 times that (0.03 mg/kg) which is a conceivable level of DEHP intake from commercial foodstuffs. Judging exclusively from the above experimental results and estimation, it seems to be unlikely that DEHP will produce any immediate threat to human reproduction, though the conclusive assessment of DEHP should await further study.
